We report the discovery that the nearby (∼ 6 pc) photometrically variable T2.5 dwarf SIMP J013656.5+093347 is a likely member of the ∼ 200 Myr-old Carina-Near moving group with a probability of > 99.9% based on its full kinematics. Our v sin i measurement of 50.9 ± 0.8 km s −1 combined with the known rotation period inferred from variability measurements provide a lower limit of 1.01 ± 0.02 R Jup on the radius of SIMP0136+0933, an independent verification that it must be younger than ∼ 950 Myr according to evolution models. We estimate a field interloper probability of 0.2% based on the density of field T0-T5 dwarfs. At the age of Carina-Near, SIMP0136+0933 has an estimated mass of 12.7 ± 1.0 M Jup and is predicted to have burned roughly half of its original deuterium. SIMP0136+0933 is the closest known young moving group member to the Sun, and is one of only a few known young T dwarfs, making it an important benchmark for understanding the atmospheres of young planetary-mass objects.
INTRODUCTION
Young brown dwarfs near to and below the deuterium burning mass boundary have the potential to serve as benchmarks in understanding the atmospheres and fundamental properties of gas giant exoplanets, as they share similar temperatures, surface gravities and masses (Gagné et al. 2015b; Faherty et al. 2016) .
As brown dwarfs cool down with time (e.g. Saumon & Marley 2008) , their masses cannot be determined from effective temperatures only, and their ages must also be constrained. One of the few methods to precisely constrain the ages of brown dwarfs is to identify those that are members of young stellar associations (e.g. see Zuckerman & Song 2004; Mamajek 2015) . Recent efforts have been made to identify such objects at the very-low mass end of the brown dwarf regime, using near-infrared large-area surveys (e.g., Gagné et al. 2015b; Aller et al. 2016; Schneider et al. 2017) .
Since objects in the planetary-mass regime are inherently faint, only about a dozen have been discovered yet, most of which still require confirmation from a parallax or radial velocity measurement (e.g., Liu et al. 2013; Gagné et al. 2015a; Schneider et al. 2016; Kellogg et al. 2016) .
The Carina-Near moving group was discovered and characterized by Zuckerman et al. (2006) . It includes a spatially packed core of eight members and a stream of ten additional probable members more loosely distributed in XY Z Galactic coordinates. Based on a comparison of lithium abundance and X-ray luminosity of the Carina-Near members to those of other associations, Zuckerman et al. (2006) determined an age of 200 ± 50 Myr for the group. Mamajek (2015) notes that no B-or A-type members of Carina-Near are present in Hipparcos (van Leeuwen 2007) , and no systematic survey has been published since Zuckerman et al. (2006) to identify additional lowmass members. The latest-type member of Carina-Near listed by Zuckerman et al. (2006) is the M2.5 dwarf GJ 140 C.
In this paper, we report that the variable T2.5 dwarf SIMP0136+0933 (SIMP J013656.5+093347; Artigau et al. 2006 Artigau et al. , 2009 ) is a likely member of Carina-Near. The BASS-Ultracool survey that led to this discovery is summarized in Section 2. New spectroscopic observations are described in Section 3, and the full 6-dimensional kinematics of SIMP0136+0933 are discussed in Section 4. In Section 5, it is demonstrated that SIMP0136+0933 is unlikely a random interloper from the field, and its physical properties are estimated in Section 6. Section 7 discusses the photometric variability of SIMP0136+0933 in light of its young age. This work is concluded in Section 8.
THE BASS-ULTRACOOL SURVEY
The BANYAN All-Sky Survey-Ultracool (BASSUltracool; J. Gagné et al., in preparation) was initiated to locate the late-L to T-type members of young moving groups, with the aim to explore the fundamental properties of isolated planetary-mass objects with cold atmospheres (T eff 1 500 K). It relies on a cross-match of large-scale red and near-infrared catalogs such as 2MASS (Skrutskie et al. 2006) , AllWISE (Wright et al. 2010) , and Pan-STARRS1 (Chambers et al. 2016 ) to identify high proper motion objects with red W 1 − W 2 AllWISE colors, for which moving group membership is assessed with the Bayesian Analysis for Nearby Young AssociatioNs II tool (BANYAN II; Gagné et al. 2014) , and its successor BANYAN Σ (J. Gagné et al., in preparation) . First discoveries from this survey include the T5.5 dwarf SDSS J111010.01+011613.1 as a ∼ 10-12 M Jup member of AB Doradus (Gagné et al. 2015a ); 2MASS J09553336-0208403, a young and unusually red L7-type interloper to the TW Hya association (Gagné et al. 2017) ; and an ∼ L7+T5 spectral binary candidate member of AB Doradus (D. Bardalez-Gagliuffi et al., submitted to ApJL).
The Zuckerman et al. (2006) list of members and probable members of Carina-Near were cross-matched with the Gaia data release 1 (Lindegren et al. 2016) , which yielded 12 parallax and proper motion measurements that are more precise than those previously available. New radial velocity measurements from Desidera et al. (2015) were also included for six members. The resulting properties of Carina-Near bona fide members are listed in Table 1. A multivariate Gaussian model was fit to the resulting kinematics:
wherex is a 6-dimensional vector of coordinates in XY Z Galactic coordinates (in pc) and U V W space velocities (in km s −1 ) in a right-handed system where U points toward the Galactic center,x 0 is a 6-dimensional vector representing the center of the group,Σ is the covariance matrix of all members, and Σ is the determinant of the covariance matrix.
The diagonal elements ofΣ represent variances in the XY ZU V W directions, while the off-diagonal elements represent correlations between spatial and kinematic coordinates, which can be related to rotation angles in 6-dimensional space. This multivariate model is a generalization of the freely rotating 3D ellipsoid models used in BANYAN II, as it allows for correlations in the spatial and kinematic coordinates. The resulting model parameters are (in order of XY ZU V W ): 
in units of pc and km s −1 . In this survey, SIMP0136+0933 was identified as a candidate member of Carina-Near from a cross-match of 2MASS and AllWISE sources with colors redder than W 1 − W 2 = 0.6, which corresponds to spectral types later than ∼ L8 (field dwarfs) or ∼ L5 (young dwarfs; Faherty et al. 2016 ). This T2.5 dwarf was discovered as part of the SIMP survey (Artigau et al. 2006; Robert et al. 2016 ) and has been the subject of extensive photometric follow-up due to its photometric variability (e.g., see Artigau et al. 2009; Metchev et al. 2013; Radigan et al. 2014; Croll et al. 2016) .
A proper motion derived from 2MASS and AllWISE alone categorized it as a high-probability (> 99.9%) candidate member of the Carina-Near moving group using a preliminary version of the BANYAN Σ tool, with a kinematic distance (5.6±0.3 pc) placing it along the sequence of known T dwarfs in near-infrared color-magnitude diagrams. Using the updated astrometry from Weinberger et al. (2016) preserved a high Bayesian membership probability of > 99.9%, with a statistical radial velocity prediction of 9.4 ± 0.8 km s −1 if it is a member of Carina-Near. The first night had moderate cloud coverage with ∼60% humidity and a 1 seeing, while the second night was clear with a 0. 8 seeing. The high-dispersion cross-dispersed mode with the NIRSPEC-7 filter and the 0. 432-wide slit were used, yielding a resolving power of λ/∆λ ≈ 20,000 over 2.00-2.39 µm. Two exposures of 900 s (2013 October) and 750 s (2016 February) were obtained at airmasses of 1.11 and 1.15, yielding signalto-noise ratios of ∼20 and ∼13 per pixel after reduction. The A0V-type standard HD 6457 was observed immediately after SIMP0136+0933 at a similar airmass for telluric correction. A single NeArXeKr calibration lamp exposure and ten 4.4s "on" and "off" flat-field exposures were obtained at the end of each night for wavelength calibration and correction of pixel-to-pixel variations in detector response. The data were reduced with a modified version of the REDSPEC package as described in Burgasser et al. (2015) .
THE KINEMATICS OF SIMP0136+0933
Spectral data in order 33 (2.29-2.33 µm) were forwardmodeled using the Markov Chain Monte Carlo analysis described in detail in Burgasser et al. (2016) . We used the atmosphere models of Allard et al. (2012) and the telluric transmission spectrum from the Solar atlas of Livingston & Wallace (1991) . Radial and rotational velocities and their uncertainties were determined by marginalizing over the Markov chains, yielding consistent results between the two epochs (differences of 0.4 and 0.1 km s −1 , respectively). Combining these values as an error-weighted average, we determine a radial velocity of 11.5 ± 0.4 km s −1 and v sin i = 50.9 ± 0.8 km s −1 for SIMP0136+0933. The XY Z Galactic coordinates and U V W space velocities of SIMP0136+0933 were calculated by adding the radial velocity measurement to the set of kinematic measurements available in the literature in a 10 4 -elements Monte Carlo simulation that assumes Gaussian measurement errors, and are reported in Table 2 . These coordinates place SIMP0136+0933 at 20.9 ± 11.6 pc and 6.4 ± 1.6 km s −1 from the core of the Carina-Near multivariate Gaussian model (the largest kinematic deviation occurs in the U direction, see Figure 1 ). This makes SIMP0136+0933 a likely member of the Carina-Near stream, which is more spatially extended than its core. The second-nearest Carina-Near member to the Sun, the M2 dwarf GJ 358 (9.5 ± 0.1 pc; van Leeuwen 2007), is also a member of its stream (Zuckerman et al. 2006) . At a distance of ∼ 6.1 pc, SIMP0136+0933 is the near- +1.6 −1.5 2 a Average and standard deviation from five PS1 measurements. The dispersion is larger than quoted uncertainties, likely indicating that variability is also present at red-optical wavelengths. est known member of any young moving groups, and among the nearest young objects known to date, along with the M4+M5 EQ Peg AB system at 6.18 ± 0.06 pc Table 4 ). SIMP0136+0933 is also among the 100 nearest systems to the Sun.
FIELD INTERLOPER PROBABILITY
The probability that SIMP0136+0933 is a random field interloper was estimated with the field density of T0-T5 dwarfs measured by Reylé et al. (2010) and a synthetic population of 10 7 objects within 6.14 pc, drawn from the XY ZU V W distribution of stars in the Galactic neighborhood using the Besançon model (Robin et al. 2012) . The separation between each object and the Carina-Near multivariate Gaussian model in XY ZU V W space was then calculated using the Mahalanobis distance (Mahalanobis 1936), given by:
wherex,x 0 andΣ are defined in Section 2. The Mahalanobis distance is a generalized Nσ distance that accounts for the size and orientation of the multivariate Gaussian model in 6-dimensional space. A total of 14 609 out of 10 7 synthetic objects were found to have a Mahalanobis distance at least as small as that of SIMP0136+0933 (M = 3.28). Adjusting this result to the T0-T5 field density of 2.0
−3 objects pc −3 measured by Reylé et al. (2010) , this corresponds to 4.52
−3 expected occurrences. Based on Poisson statistics, the detection of at least one early T dwarf such as SIMP0136+0933 thus has a 0.2% probability of being a chance event. This analysis does not assume a young age for SIMP0136+0933.
FUNDAMENTAL PROPERTIES
The spectral energy distribution of SIMP0136+0933 was built from a combination of the literature SpeX spectrum (Burgasser et al. 2008 ) with SDSS, Pan-STARRS1, 2MASS and AllWISE photometry (see Table 2), and is displayed in Figure 2 . The method of Filippazzo et al. (2015) was used to perform an empirical measurement of its bolometric luminosity log L * /L = −4.688 ± 0.005, and the Saumon & Marley (2008) models at 200 ± 50 Myr were used to infer a radius of 1.22±0.01 R Jup . These properties were converted to an effective temperature using the Stefan-Boltzmann law, yielding T eff = 1098±6 K, at the lower-end of T2-T3 field dwarf temperatures (Filippazzo et al. 2015) . This is consistent with the observed trend that young brown dwarfs tend to have slightly lower effective temperatures at a given spectral type (Metchev & Hillenbrand 2006; Faherty et al. 2012; Gagné et al. 2015b) .
A corresponding mass and surface gravity of 12.7 ± 1.0 M Jup and log g = 4.31 ± 0.03 were obtained from the Saumon & Marley (2008) evolutionary models. As displayed in Figure 3 (a), a comparison of these values with the models of Allard et al. (2012) implies that SIMP0136+0933 should have burned roughly half of its deuterium content. The bolometric luminosity of SIMP0136+0933 is slightly fainter than average T2.5 dwarfs (Filippazzo et al. 2015) although it is located within the 1σ range of the field distribution. The ∼ 150 Myr-old T4.5 dwarf GU Psc b is similarly fainter than the field dwarfs sequence and yields a comparable log L * /L = 4.87 ± 0.10 (Filippazzo et al. 2015) .
The v sin i measurement obtained in Section 4 was combined with the rotation period of Artigau et al. (2009) to constrain the inclination of SIMP0136+0933 to i = 55.9 +1.6 −1.5°, assuming the Saumon & Marley (2008) radius at the age of Carina-Near. Without making any assumption on the age of SIMP0136+0933, the radius of SIMP0136+0933 can be constrained to a lower limit of 1.01 ± 0.02 R Jup , which would correspond to it being observed equator on, or to larger radii at other inclinations. This radius lower limit can be translated to an upper age limit of 910 constraint to the analysis presented in Section 5 further reduces the field interloper probability down to 0.0001%. A preliminary analysis of the harmonics in the longterm light curve of SIMP0136+0933 which assumes that its variability is dominated by a single spot constrains its inclination to i < 60°(S. Bouchard et al., in preparation) . If the single-spot hypothesis can be confirmed, it will further constrain the radius to values larger than 1.17 ± 0.02 R Jup , and a model-dependent age below 280 +40 −30 Myr, which would corroborate the Carina-Near membership and the planetary mass of SIMP0136+0933.
The method of McLean et al. (2003) was used to measure K I equivalent widths of 8.6±1.0, 11.7±1.1, 5.4±0.3, and 8.5 ± 0.3Å (at 1.169, 1.177, 1.243, and 1.254 µm, respectively) from the GNIRS spectrum. These values are consistent with the field population of T2-T3 dwarfs (McLean et al. 2003) , which is not unexpected given that the slightly younger T5.5 dwarf SDSS J111010.01+011613.1 (∼ 150 Myr; Gagné et al. 2015a ) has K I equivalent widths consistent or slightly weaker than those of field T5 dwarfs (Martin et al. 2017 ).
VARIABILITY AND AGE
Surface gravity is a key parameter in the description of dust behavior in brown dwarf atmospheres. Among L dwarfs, thicker cloud decks are expected among lower gravity objects due to the slower settling rates. Thick cloud decks lead to a redistribution of the near-infrared spectral energy distribution to longer wavelengths, leading to redder infrared colors for low gravity, young objects (Faherty et al. 2016) . As dust-bearing clouds of varying thicknesses are generally invoked to explain such variability, a gravitydependence of variability behavior can be expected. Metchev et al. (2015) included a sample of low-gravity L dwarfs in the large SPITZER sample of photometric observations, and found tentative indications that the low-gravity objects displayed larger photometric amplitudes even though the fraction of variable objects appeared to be independent of surface gravity. The detection of large (7-10%) photometric J-band variability in very-low gravity L dwarfs (PSO J318.5338-22.8603, WISEP J004701.06+680352.1; Biller et al. 2015; Lew et al. 2016) appears to corroborate these findings, as earlier surveys at these wavelengths failed to uncover > 4% variability among L dwarfs. Figure 4 compiles J, 3.6 µm and 4.5 µm variability detections in a spectral-type versus color diagram. The detections to date suggest a higher fraction of highamplitude variables among very red L-type dwarfs, but some of these discoveries were made from surveys explicitly targeting red, low-gravity objects. Overall, this tentative correlation between surface gravity and vari-ability amplitude has yet to be set on firm statistical grounds.
Whether low-gravity T dwarfs exhibit stronger variability remains unknown, but SIMP0136+0933 may provide the first such example with its ∼ 1-6% J-band variability (Croll et al. 2016) . Only a handful of low-gravity T dwarfs are currently confirmed (e.g., Gagné et al. 2015a; Naud et al. 2014) , none of which have reported measurements assessing their photometric variability.
SUMMARY AND CONCLUSIONS
This paper presents the discovery that the nearby (∼ 6 pc) T2.5 dwarf SIMP0136+0933 is a likely member of the 200 Myr-old Carina-Near moving group, based on the new Bayesian analysis tool BANYAN Σ and radial velocity measurement.
At this young age, SIMP0136+0933 has a model-dependent mass of 12.7 ± 1.0 M Jup at the planetary-mass boundary. Given the tentative correlation between high-amplitude variability and youth in L dwarfs, the discovery that SIMP0136+0933 is a member of Carina-Near indicates that such a correlation could hold in the T dwarfs regime, however more young T dwarfs will need to be investigated for variability to verify this. SIMP0136+0933 is an even more powerful benchmark than previously appreciated and will help to understand weather patterns in gaseous giant atmospheres.
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